and DNA fragments separated by as little as 50-100 kb have been ordered within interphase nuclei or on prophase chromosomes (2) (3) (4) . Ried et al (5) mapped seven probes simultaneously by using a combinatorial fluorescence and digital imaging analysis. The success of FISH analysis in humans has also been facilitated by the application of hybridization techniques that suppress cross-hybridization from repetitive DNA sequences in the genomic clones by preannealing with unlabeled human genomic DNA in the hybridization mixture. Thus, specific clones can be isolated from cosmid, P1, bacterial artificial chromosome (BAC), or yeast artificial chromosome (YAC) libraries and used directly for FISH mapping. Large numbers of genomic clones from chromosome-specific libraries have been used successfully to generate high-density cytological maps (6) (7) (8) .
In plants, in situ hybridization techniques have been used mainly for mapping repetitive DNA sequences and multicopy gene families (9) . Mapping of low or single-copy sequences has proven difficult compared to that in humans. In most of the successful in situ hybridization experiments in plants, the target DNA sequences on chromosomes were >10 kb long (10) (11) (12) (13) (14) . Mapping of small probes was also reported (15) ; however, the frequency of signal detection was very low and the technique is not very reliable and reproducible (9) . The §To whom reprint requests should be addressed. (20) . About After overnight incubation at 37°C, the coverslips were removed and the slides were washed at room temperature in 2x SSC for 5 min, at 45°C in 2x SSC for 10 min, at room temperature in 2x SSC for 5 min, and at room temperature in lx PBS (phosphate-buffered saline) for 5 min. The biotinylated probes were detected with fluorescein isothiocyanateconjugated avidin (FITC-avidin) (Vector Laboratories) and the dig-labeled probes were detected with a rhodamineconjugated anti-dig antibody (Boehringer Mannheim). 4 (18, 22) . Several closely linked DNA markers to Xa21 were identified in NIL IR-BB21 (17) . BAC clones were isolated by using these DNA markers as probes (16) (Fig. If) . This result is in good agreement with PFGE analysis. The three BAC clones were physically mapped at the middle of the long arm of chromosome 11 ( Fig. lg) with a FL value of 0.50 (FL, fractional length, a fraction from the FISH signal to centromere over the total chromosome arm length). The chromosome identification is deduced from the position of RFLP marker RG103 in genetic linkage map 11 (23 (17) . FISH analysis in NIL IR-BB21 showed that 818-13 has only one location. However, 818-14 has two different locations with one FISH site relatively small and the other relatively large in interphase nuclei. The two copies of 818-14 are clearly located on two different chromosomes by metaphase mapping (Fig. lh) . Two-color FISH showed that FISH signals from 818-13 overlapped with the smaller site of 818-14 and the larger site of 818-14 overlapped with clone 103-7 (Fig. ii) . Thus, 818-13 and the smaller copy of 818-14 are located on a different chromosome from 103-7 and are not linked to Xa21. In the regular rice line DV85, 818-14 has only one location and overlaps with the signals from 818-13 on both interphase and metaphase chromosomes (Fig. lj) . Cohybridization of probes 818-13, 818-14, and 103-7 indicates that clones 818-13 and 818-14 are located on a different chromosome from clone 103-7 in DV85 (Fig. lk) . Both 818-13 and 818-14 are located in a proximal region of a pair of unidentified chromosomes (Fig. lj) .
DISCUSSION
We have demonstrated that large genomic clones can be used for in situ hybridization mapping in rice, even though they may contain highly repeated DNA sequences. All 
